Carbosilane dendrimers to transfect human astrocytes with small interfering RNA targeting human immunodeficiency virus.
HIV infection of the CNS is the principle cause of HIV-associated dementia in adults and encephalopathy in children. Gene therapy techniques such as small interfering RNA (siRNA) possess great potential in drug development, but first they must overcome the key obstacle of reaching the interior of the affected cells. A successful delivery vector for anti-HIV drugs that is capable of crossing the blood-brain barrier (BBB) could provide a way of addressing this issue. Non-viral vectors such as dendrimers offer a means for effectively delivering and transfecting siRNA to the target cells. To evaluate the application of gene therapy for reducing HIV replication in human astrocytes. We used the 2G-NN16 amino-terminated carbosilane dendrimer as a method for delivering siRNA to HIV-infected human astrocytes. We tested the cytotoxicity in human astrocytoma cells caused by 2G-NN16 and dendriplexes formed with siRNA (siRNA/2G-NN16) by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium-bromide (MTT) and lactate dehydrogenase assays. The ability to transfect human astrocytes with siRNA/2G-NN16 dendriplexes was tested by flow cytometry and immunofluorescence microscopy. To assess the potential capability of siRNA/2G-NN16 dendriplexes for crossing the BBB, we used an in vitro transcytosis assay with bovine brain microvascular endothelial cells. HIV-1 inhibition assays using 2G-NN16 and siRNA/2G-NN16 dendriplexes were determined by quantification of the viral load from culture supernatants of the astrocytes. A gradual time-controlled degradation of the 2G-NN16 dendrimer and liberation of its siRNA cargo between 12 and 24 hours was observed via gel electrophoresis. There was no cytotoxicity in HIV-infected or non-infected human astrocytoma cells when treated with up to 24 microg/mL of 2G-NN16 dendrimer or siRNA/2G-NN16 dendriplexes, and siRNA/2G-NN16 dendriplexes were seen to successfully transfect human astrocytes even after crossing an in vitro BBB model. More interestingly, transfected siRNA was observed to exert a biologic effect, as dendriplexes were shown to down-regulate the housekeeping gene GAPDH and to reduce replication of HIV-1 strains X4-HIV NL4-3 and R5-HIV BaL in human astrocytes. The 2G-NN16 dendrimer successfully delivers and transfects siRNA to HIV-infected human astrocytes and achieves gene silencing without causing cytotoxicity.